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Express Mail Label #EL799009639US 




IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 




o 



IN RE APPLICATION OF YOUNG HOON PARK 

FOR: ATOMIC LAYER DEPOSITION (ALD) THIN FILM DEPOSITION EQUIPMENT 
HAVING CLEANING APPARATUS AND CLEANING METHOD 



The Assistant Commissioner for 
Patents and Trademarks 
Washington, D.C 20231 

Dear Sir: 

Enclosed herewith is a certified copy of the Japanese Patent Application No. 00-42169 
filed on July 22, 2000. The enclosed Application is directed to the invention disclosed and 
claimed in the above-identified application. 

Applicant hereby claims the benefit of the filing date of July 22, 200 of the Japanese 
Patent Application No. 00-42169, under provisions of 35 U.S.C 1 19 and the International 
Convention for the protection of Industrial Property. 



CLAIM FOR PRIORITY 



Respectfully submitted, 




or fee is being deposited 
-> Kiviiai Service "Express Mail 
r ' service under 37 CPR 1 10 



YOUNG HOON PARK 



CANTOR COLBURN LLP 




on r(ur j.^f ^-in.'-^ted ^>ove and is addressed to the 
Ccmrrussiorw of Patents and Trademarks, Washington, 
D.C. 2023J . _ 



Applicant's Attorneys 




Registration No. 47,535 
Customer No. 23413 



Date: 

Address: 

Telephone: 



May 3, 2001 

55 Griffin Road South, Bloomfield, CT 06002 
860-286-2929 



THE KOREA INDUSTRIAL 
PROPERTY OFFICE 



This is to certify that the following application annexed hereto 
is a true copy from the records of the Korean Industrial 
Property Office. 

Application Number : Patent Application No. 00-42169 
Application Date : 22 July 2000 
Applicant : IPS Ltd. 
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t§!S] 
[4JAH^S] 

[mm 

[£,^A^1 
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1,002,000 
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29,000 
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0 §1 
941,000 S 



1. sefAi- SAilAi(£^)_m 3. gr^l S S Al 

11 HI2S01I°I§[ g^JISOII 6HSihM §S5fb AiW _1i 
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M. ^1°1^ 7 > lfl-^-5l<H ^Slfe Uj--§-^-7l(100)2f; .1ll>|7}if -^7l ^-g-g-7l( 100)5. 

W ^ll^-5-7|-i^^-4(210)sf; ^12^-g- ^l- ^-§--8-71(100)5. ^^r*}?} ^ 
& ^l2ti>-§-7>i^^^-(230)S]-; ^llw>-i-7l-^^^-^-(210)^- #7l ^-§--8-71(100)1- ^^l- 

^llw}-§-7}i^^S>^ (220)^; ^l2«]:^-7l-^^-^«- (230)2]- ^-§-8-71(100)1: 
■^2^-§-7l-i^-^-B><y(240')2l-; l-#^7l-i^^-^)(250)A5.^Ei ^sItt M^l-i* *fl 
l^-§-7>i^--g-£}°J(220)A5. ^SRr ^U-i:§^7>i-§-g-el-«y (260)^1-; 1-^7}^^ 
(250)J=L-5L-t-e-| -^^Sl^- 1-4:^71-^1 ^1 2 «]:-§- 7>>i-g-^E>«?l( 240)^.5 ^-g-^ *ll2lr# 
^7}i^^-el-<?] (270)2]-: #-§-§-71 ( I00)sl 7}if sl-fs. «11#Sl-^ ^71^^(400)4; 
^1 1^-§- 7 }^^a}<y (220)21- «aisl°1 ^-§-§-7l(100)-l- #Bl^^l-7l7l W #sl^7>^l- 

#S]^7>^^^-el-o](340);^: S^W. °1 ^ ^ . ^-§-§-^1 » 1 

7l vflJjLofl 3 ^ ^^l-^ Jl ^ °-5. aflT^ 4^ ojcf. 
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^rwltl: ALD ^"^^til ^ #sl^«J-^{ALD thin film 

deposit in equipment that has cleaning apparutus and cleaning method} 
[51 ^ M^l 

£ 1-g- l^l ^w)^- ALD ^-^zl-^ul^ aflHJAH!. 5.*} 
51^. 

£ 51 1^ ^al*V ALD ^f^^H &<>H . #-§--§- ?1 2] ^ 
A f A l51, 

51 51 2ofl ^-§-g-?HH a^^S}- ^-e|*H 51^ 



51 4^ 51 221 «>-g-8-7lSl ^51, 

51 5^ 51 49] *}^-&y}$] ^SflSH 51^, 

S. (3^ Mj-nV^^Al, £3(D)2l- £A]tjV ZL 2fl S. , 

51 7£r TiC14 NH3 7}^9 °l-§-*V TiN ^^Ml. S}-^^ y>rf--g-cs]- T iN ^ v 

^ 2]-^512]- 2] #7fl* M-E^ ^efl*. 

51 H-Br ^-§-§-7l7f 0)^2.^011 wj}««tLl- 51A]*V 51°}, 

51 #51^^^ 3^1. #-§"§- ?H*1 Strife 3}B]^S>) 7fl^l- 51 A]*} 
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£ 10-& ^r^ofl 4^ #5]^^^] -I- t 1 ^!^ ALD MVuv-gVA^a]^ afl2*UHl* S. 

A] _£ ttj > 

S. 11^ 4€- ^til*}- ALD afl3*J*H« £ 

w ... 100 ... «]:-§-§- 7] 

102 ... 110 ... ^^Bil;^ 

111, 112 ... ^ll,2^#4°l^ 113 ... 

113a . . . SL*3 114 . . . *11<?1^ 

116 ... ^M^ol^ig 117,118 ... afl7l-S- 

120 ... a]:^*|1£L^ 121, 122 ... m ,2<&1LZ}91 

128, 129 ... 130 ... 

131 ... 132 ... -R-S 

133 ... ^ 134 ... afll-S^- 

135 ... ^l2^^--¥- 135a ... 3^ 

135b ... ^ 140 ... ^oIh]^.^ 

150 ... I^sllt 150a ... 

150b ... ^ 150c . . ^ 

160 ... °J^#^-¥- 210 ... ^l^-g-7}^-^ 
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211 
220 
232 
250 
262 
270 
°7° 
280 
310 
330 
332 
400 
510 
610 
620 
TV . 



212 ... ^im^}^jiLf.^H7i 



230 



^]2«}-g--7l-^*#^^^7l 240 ... ^2«V-g-7>^^-#Sl-ol 



260 ... ^lll-^7>i^-g-E^o] 



^luVol^lliel-o] 



290 . . . ^]2wl- c, ls}l>ie>^l 



320 ... l:#^7]-i^-g-5fo] 



331 ... nfl^^tga. 



340 ... ^e^j-i-g-g-eKl 



410 ... ufl 71^)5. 



512 ... .^]l«>-g-7>iiL#i?Ml<H7l 



612 ... ^l4^:-§-7>i*f-^^l<H7l 



622 ... ^3«}-g-7>i*f-^^^7l 



?V3 
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<43> a. ^ o. tiV^^l, ^11- ^H^H «]- ^^§1-71 ALD( Atomic Layer 

Deposition) ^"g^-gaH M^Ml^r *U-g-^ ALD ^ 

^oHl i^js] ^*>fe ^^ v ^^^w]^^ CVDCChemical Vapor 

Deposition), ALECAtomic Layer Epitaxy)-!- °i el *£^ 0 } , *ll ■& *fl .2:^71 ^ 

<45> HVuV-aV^alcHl , -fr^S^ 7}^ *H 3) o] ff] o]j uV aVnVoj ^ A4 £] i=. 

-JO] 0>U]J1 ( ti}-g-g-7l ^^Ojuf ^-<»§&_± ti>-g-7>il;Ol ^-A^S]^ ^ofl MVnVom- 

Si\o\] *gO\x]7\] € 3 -f°fl ^-§T X^>Al-lCf. Aj-^ ^-0.^-71 

^°Kf SL^r ^lr<Hl ^^51^ av^lM- S4^^ 

<46> «J-igO_ A o l- 7l2 | £0. V}c$^ 7 ] o^j-o} ^0_ S A4, «]-§-§- 7] L fl I£ 
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1- ^^1*1- ALD( Atomic Layer Deposition) ^f^^al ^ -1 # £l ^ y o Vl 3 # ^li?-*}^ 3 
£ sl^o.sL *lcf. 

<47> Aj- 7 1^ ^-o. ^^71 t^oH tcj-^. #21^^x11- ^-HltV ALD ^ 

n!--^^, ^|ol5]7> vfl#SH #^Slfe y>-g-g-vl(100)2f; ^ll^-g-n^l- # 7 1 ^-5- 

-8-7l(ioo)S. ^-g-^- 7 ! W ^H«>-g- 7 >^^^-^ L (2i0)^; ^|2^-g-7>^l- #7l 7) 
(100)3. -g-^M ^tV ^2tiV-g-7>i^^-^-(230)^; # 7 1 ^ll^-S- 7 >^^^- ^-(210)2]- #7] 
>£-§-g-7l( 100)1- <?!"1*>^ ^1^7]-i^^-£}oi (220)3]-; #7} ^2«]:-g-7l-i^-g-^-(230)^- 
#7] ^-§--8-71(100)1- ^l^fe 7Hl2^-§-7>i^^-e}^](240)^-; l-^# 7f^-^(250 )o_ 
S^-Ei ^--g-sl^ l-##7>i» #71 7fliHV-g-7l-i^.^e}o] (220) ^.^ ^^-*}^ ^lll-#^ 
-?}^-g-el-ol(260)4; -i:*#7l-i-g-^-^(250)^.S.^-E^ -^-g-sl^r ##^7^1- #7l *fl2 
«>-§-7l-i-§-^-5>ol(240)-2.S ^-g-SRr ^12^-%^ 7^^-^el-oi (270 )^1-; #7] #-§-8- 7 l 

(ioo)si 7}^^- <?iJfs. «fl#*l-fe- an 400)4; #7i .^itiv-§-7>i^-^-si-«y(220.)2i. 

IsH #7l «v-g-8-7l(ioo)# #sl^ M-7l7i <fl*V #si^ 7Vil- ^-g-*H=- tel^7l-i^^ 

Bl- c y(340);# i#?^. °H, #71 #Sl^7>i^-g-Bl-«y(340)-e-. ^51^ #5l^^>iBl 

*#-gr 7]l^Al7l^ ^121711^1 t«.(V21) 21-. #71 ^l21'gH.(V21)* #sl^ 7 r^l 
1°l5^ #el^7>i*#^^H7l(342)sq-, # 7 1 #^^7}i*#^^Hvl(342) 
°ll #Bl^7l-iSl *-g-g- 7)1 31 a1 - 7 ji=. i22 w lJi(V22)-i- 7}^. o] nfl , # 7 1 

7>i^ C1F 3 0I4. 

<48> ^ofl oiolA^, a o v 7 ] ^lu>-§-7l-^^«-(210)^. ^liaV-8-^S.l- ^i^sf^r ^ 

50-8 




1020000042169 2000/8/2 

(211)21-. ^U^ 7 }^! jLf-5 0 t^- ^SHr 

^l^-S- 7 >i*#^^^ 7 l(212)^-, ^"71 n]^E](211)^ -%7] H]l*}-%--r}^*^*\}°] 7 ] 
(212) Afolofl -M^lsH 1 *];-§- jL#-gr yflnflSl-^- ^]l^tL(Vl)l- <*1 7 H 

. .^llti]:-§-7>i^ TiCl 4 Ta ^if i^-*>^ a^^iol ji , ^2a_V-g-7>i^ 

<49> £. ^oj] &<>H, A o V 7] ^l«V-§-7l-i^^-(510)^r, ^ll«>-g- 71-^51 7^1 

- 7 l^r 3i3i , aw.(V3i)s}-. ^7i *H3i»iJ±(V3i)» *[\i»y-%-7}^2\ ^-i-^-g- ^l^^fe 

^l^-g-n^^f-^ ^]^ 7 ! (512)* i^-^cf. ojnfl, Ai-vj ^lltiV-g--^^ WF 6 ^ji, ^l2«l 
^-71-ife- NH 3 7>^olcf. 

<5o> a. y}-^^ oio^^. ^ 3 hv^-7>^i- ^7i m^-%-7}^^9imo)^.s. ^^*]-^ 

^1 3 ^-g- 7 }^-^ (620)2]-: ^l4^r-g-7>il- ^Ml-g-^^ej-o] ( 240 ) 0.5. ^*Hr 30. 
, ^4^-§-7>iS] *-§"8: 7fl^Al-7l^- aH32*gtL(V32)Sh A 0 >7 1 ^32^ tL(V32)l- ^t}" 
aH4#-§-7}iSl *#^=-i- ^H^ffe ^14^-g- 7>i*f-%=^l<H7l(6lL')fil-. ^71 ^4«}-g-7>i 
* #^^1^71(612)^1 ^1M€ ^ 4 y_V-g-7>i^ Jr-i-l- 7}l^lAl-7l^ ^33 l itL(V33)# 7}*lfe 
^l4^:-g-7>^^(610);« v\ S^r}. o)7]*\, -$7) ^l3*V-§-: 7 }-i7?^(620)^. H]3 
7>i^-*>^- ^-^(621)^, ^3ti>-§-7}i£l JL-§-^ *!H*Rr aH3«V 

-§- 7 }i*-g-^M 71(622)^, A 0 M ^1-5^(621)^ ^7} *\]3#-%-7}^zl^*\]o] 71(622) a} 
°H M^ISH ^13^-g-vj-^^ j-s.^. 7fl^l*>fe ^34 l itL(V34)2l-, ^7l ^l2^-g-7f^^^ 
eKl(240)o.S ^l ^3ah§-7>i*#i|MH 7 l(622H =1 -<H3*}-§-7^£] vfl^j 
•M- 7 l^r *H35 M JtL(Y35)» n-1 ^ 7 1 -H , £ 7 1 ^1 l^-g^V^^r Ti . Ta. IV <d°l^ 
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TMA(TriMethylAlumimun) °l:n, *1l4#-§-7Kife H 2 

<51> a. Wj-^ofl olc^A^ ^7} «>-§-§- 71(100)^, ^1 O] 3^ 7> ^ 4 5] ^ 4 °* 4 ^ ( 1 10 ) 4 ! 

#7] 51 <ajE^^( 110)1- £4 i^4 oj-sJol ^^*>7]1 -fi-^SlS-S- A>o^ lH ^ (120) 
4; A o > 7 ) A^^l£$( ; 120)2] A o^l ^l^-§-7>i^^-S|-ol(220)-i- ^-Pr^ 

4 4*4^ ^ll^-g-ni ^/J£*r 1^4^ = 71 3l4 4(w)4 A o^ 3.#°.2. £44 

CS. ^ol2l(w)2l ^ofl ^£ t^-o^ «a>^(131) * #7] 

^l2^-g-7|- i ^^-E]-ol(240)# ol-££}^ ^2*)--g-7}i ^/a^r ^#4 4^4 °] 

4(w)4 4^3. «.a>£1sl^- 44 4441-4(110) 4^ ^§4€ 4^4 ^ 

(133)# 7Mb 4^(130)4: 44 444^)(110H1 4*144 #4 *1M a) (w)7f 4 
44^ «fl o] 5f| -g- ^ ( 140 ) : i4^4. 444, .^-71 444^4(120)4^. ^H4 * = 
*r -3-^.(123) 7> ^444 4°-4, ^ n H^ -2-4, ^44 go. 3j.fi. Al-g^cf. 
3E, 4431:^(120)4^ *lEi(H)7> ii444 44 ^^-PrS(123)5. ^^1- 

Tfl 444 44(H)# 7>^^-o_5.^ 44 44*U30)-°r 44^ £-5L 445- ^ 4 

4. 

<52> a o v 7 ]^ go. a?^ ^444 ^fc^ ^t^ofl n}^ ALD 44^41i4-g- #44 

?fl444 444^ 4441-24110)4, -#4 el^Ei-M^aio-i- S4 i^4 <y- 

44 4344 444511=- 4^ 44*11 = 4(120)4. -*7l At^^c^doo)^ t\^-o\) ^ 

444 44 *flol3f1(w)£l tf^ofl ^.-0^ a A l-^(131)4 44 442](w)4 0^0] 

#4 4441-^(110) 4^ 4^5- 4^4 4^4 ^#(133)# 7>4fe- 444(130) 
4. 44 444-1:^(110)4 4444 44 ^l°l^(w)7l- oj3| 5 |i, 9 floi3j]^.ei(i40)# 4 
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*1tt #-§-8-71(100)-!- 7>x]^ ALD «}^3}-£ ti H 3-8-*Kr 3°-3. A i\ ^r^H^I #el 

^7}+9± tf^7^ f ^*J-Al^ a o W1 «. A >^( 131)1- -f-^H A o V 7l ^ol3l(w)fi1 

°-sL ^j7 ( -fr^ol^ #71 ^#(133)-8: A oM ?fl o] ^ 



<53> igj-^ofl olo]^, o-i^olsj^ AV 7l ^^^7}^Sl 50SCCM 

50 SCCM °1#, A J71 133)5. #^-^7>iS) -R-%=^1<H^ *-g-^£- 300 SCCM °1 

^"'lH. -#7) #-§-8-71(100) ^ <y-^^-^ 0.5 torr 10 torr ^ 

°11 SI^. °H, tf 7 l #-§-8-71(100) ^ ^1^311-^(140)^- ^ls»ls>ji 

200 °C 1- ^*1 W. 

<51> igJ-Tgofl #7l #el L j7>^l- ^>7l #-§--8-71(100) ^l^J 

^-8: A l?} ^ -8--§-( .fluctuation)^ ^ *V S^o. -frSSM #el^# ^r*3*Hr ^ 

JM.-tel^lj-i: t\ £ftm. «^ 71^, -H-^^HEl^ a o v 7 ] ^^^7^0] 50 SCCM 

°1 A o V 7l #el^7>ifil- AfsH A o V 7l -^1-^(131)^ l-^-Ajv^o] -f^^c^ 

50 SCCM °1#, A o v 7l ^(133)5 «.^.^ 7 ^^ 6.^=^0]^ *-§-^ 

300 SCCM ol.#o_j= jfct±. olnfl, #7l uv_g..g_ 7 j ( 100 ) ^ ^^^^^ 0.5 torr <*fl A i 10 
torr ^cf. f&, #7] #-§-g-7liflfil i^^r£7> olgl^.^(i40)-^ aflslSKn. 

200 1 1- ^ 7l ^ -tfEHH € 5)^-1: t^W. 

<55> .gj-tgofl ojolA^ a o v 7 ) oft 01^3 ^sj ^1. #7] ti}-g-g.7l i^ofl 
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4<fe *H14 44#-g- n. a>-g-8-7l 4-?- ii^^ jL^A)-y)-7) 4*v ne^-g^ 
(pre-coating process)^- 4 ^444. 444. aj. 7 ] -g- 7 ]vfl ^.atg-g-^, ?]]o]3]s. 
4i4 #b]HH, 44 a]-S-8-7l( 100)5. 44 «)--§- 7 ]-i 4 1^71-il- £^-44 -R- 

4444 44 ^ll^-g-71-il- i^Al^oj- afl^]Al^)^ 7<\}l&7\] $7) «H-g-7l 

(100)5. 44 42^7}^ 44M44 aj. 7 ) ^| 2 ?l:-g-7l-il- ^^Al^ afl 

444^ 3]244 ^4-§- al^o> al-a.^ o. S -^44, q 7] ^2^7}^ Mr^7} 
^» #-§-8-4(100)5. t|#3 0.5. 4^4444 44 ^llcMl ^4^ 4440.^ ^ 
44. a, S]M4(w)« Hl ]^^ 4^14^ ^liav-g- 7^4 o_^^o]^ 

7f^-i- -£444 #71 £-g-g-7l(100) 44 31 4 4 #4 (140) 4°j*- ^4-°5. ^V\JL, 4 

4444 42444^4 44444 1-#44^1- ^444 .^ 7l tiV-g-g- 7 i(ioo) 44 *| 
44 1-^.(140)4 4^r#A5. -^#0.5.4 ^ag^4. ^elJi, 44 #E]^7fife- C1F 3 
3- 4-8-44. 

°1*>- 4^44. 4^°tf 4^- ALD 44^4444 ^4^444 

*fli444# i^44. 



<57> 



£ i£- £ 4^ 4 4-g- #4^44# ^44 ALD 44^4444 ^144^14 
44. ^1144*114 ALD 44^444^ 3144(wHl TiN, TaN ^f-4 44^ #44 ^ oi 
*-4, 4# TiN 44-8: 45.1:4 ^ ^ xiN 44# ^44 44 

4, *fll4-§-4^5.4 TiCl 4 ^ A}-§-§fo 4jIi .^2a>-§-4iS.4 nh 3 1- 4-8-4S °.4 , 
^te^l Ar 1- 4-8-4x14. 
<58> E ^_o. 4^44, ALD 44^4^4^, 31444 4 #4 4 #44fe 4^-8-4(100) 
4. #-§--8-4(100)5. 444^-1- ^--g-sRr 4^U#4. 44-8-4(100) 44 7 ^^ 
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*U#*}-^- ^714°] (400)* 



<59> 



2^- S. IS] ALD yj-sJ-^zj-^H $X°]*\ , «-5^a>a1 £ o1^ ; c 3 ^ c 



£ 2^1 #-§--§-71 #^£ol^ t £ 5^ 51 4^1 #-§-g-7]4 ^l-S^fl- iHI^H 4^4 



<60> 



.^* 7l ( 100 <tiM4(w)7l- 4*1^ 4^*3(110)4, 4 



oflE^l-^(llO)^ ?! 74.(128, 129 H $m 1^4 44*11^4(120)4, 4^-1 «fl — 4( 120 Hi 
•M*14°l 4*4^ ^/HL^ tf^7^f ^44^ 444( 130)4, 3(110)21 
vfltLofl ^^s]^ ^ol3l( w )7> ^aj-slfe ^ol3l^.^(i40)# i*>44. 43-Hl^-4(120)°H 



*fll4*4^ ^l/SE^f- ff^7}i7} °l*4£r 41^144(121)4, 



*H24*7l-i ^/SE^r l-*^7l-^7> ol^5]ir *1l24 2! 44(122)°! 4 4 ol ojcf. 



<61> 



s1^e1*3(110H1t7 



^U,2«V-g-7l-i^^-4oI(220)(240)4 «ai4fe- *fll4 



4°li(iiD ^ ^I2^^4°ls(ii2)7> 4*l£H *J4. ^^4°ls.(iii.ii2)^ ^-¥- 

(113)* 4^1*)l = 4(120Hl 4*14 ^1,24444(121, 122H1 ^44. 3^H L 

(113Hl^r ^(113a)°l 4 *1 E l 4 44 4^14 = 4(120)°1 El ^1 El*3 ( 110)* 4* n fl 
il,2^^r4°l^(lll, 112)4 *lll.24144< 121,122)* I4 X ^S 4 

4^ 31 = 4(120H 214S14 e]<*]Ei-|-&|(110)°-S^-4 ^-Sll nflofl^- afll.2^3 
4°1^(111. 112)4 *Hl. 24444(121, 122H SL4'^5L £444. a. el^E-l-i:^ 



(llOHl^r, -fr^Slir tf^! 7 fi Sfe/^ 4*4-^4 Ufl7l 



4^ «ii7ii-(ii7. 118)^1 



27]] cl^-o.5. AVjr cfl^l s]^] ^Ajsjol ZLElJl. 44*1|E.#(120H 4^*^ 

(110)* 4* nfl. 4*-g-4 qi«.oi ^^.o] S^sHl ol-f-411 - 4^14. 4^)4*3 
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(110) A o Ml <?] .2.^(1 14 H -M*l^t}. 
<62> A>^^c^-(i20)^ el^Ell-^(llO)# el^E^lr^(llO) Ml^l ±^3] 

<U^*\n -B-^lSlS.^- *}JL, ^«flH.^:(120)ol El^EH-ej(llO)^ g-i: afl 3J-^#(130) 
ol ^6j}E^-i-e}(110.) vfl^-ofl ^ ^5l£^- *Vt}. olnfl, .^«Hcjg.( 12 0)ofl^- ^ ufl 7> JL-Sfe 
^ nfl -fKS. (123) 7} ^^iH ^ ^ -B-S.(123)S. ^1^ v^nfll- 

?11 ^-^-5.^1, ^-^^(130)1- ^£ ^ Slnf. 

<63> ^-^(130)^: ^^H L ^1 7}it ^-^*>^r ^^S.^ , 3KV#(130H£r 1 

*>^- q-^Sl ^-AHMi3i)Sh ^l29ilsKl(122)3l- <2-f-£ -ft- 5.(132 )<% <g^sH *fl2«];-§- 

1-^(110)^1 ifl^^-i- ^sV-ir 4^1 133)^1 ^^5H oitf. 

«J4> 130)^1 vfl^. f^ofl^. S. 4 m 3E. 5°fl -E^l^l ^°1 ^1 l^-g-7^2}. ^ 

#^71-^1- J737fl A <M «-A]-^(131)S. o]£-Al-7l^ .^l^-^(134)7l- ^^£H 

514. ^I < ai5l- < ?1(121)^.S °l^£l^r ^ll^-g-7>>;Sl- ^-^-^^^ ^11-&^(134)^>H 
SH^H ^ £€■ 131)41*1 JLSTfl *flol 3Jl ^S. ^J-^ CJ-. 

<65> ^11^^(134)71- ^^sl ^#(130)31 sH^^r ^l^V ^ ^ £H & xj ^tfl, 

£*HHl31)*f ^1^^(134)7]- ol^l^A^Ei J15 711 *$$S]o] Sl£«l, 

^(131)1"^ °l-?-*r £-4*1 TT 7 >^7l- ^o]3] Aj<£ofl ^7 2.71) «.A].^ ^ oics. 

^H3l(\v)Sl €• Ufa]- 31*1-14. olafl, h.a>^-(i31)o^ 31 73 1mm - 2.5mm 

rt^o] -Jo] til-eV^tVt-11, ole^ 31^^ o^^o] £]5fa] <*o1a) 30. *ll °1 

21 (W) ^Hl 7>a] aVnVol - o^S. ^-cf. £4¥(131)2l 7 fl^- 
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14 EH 10071HH 1000?U ^^-sL ^Al^oflx^ 160 7fl o1a>o._?_ ^ 

<GC> o^H, ^^eV^^Al wV-g-^-7l( 100)3] vfl^- ^5L^r ^SL^V S}^, 4^ 

^MH-^ S^^C 130)S] &^°\] 451 ^ ^ ^ ^^^-^l-o] ^a]-5H, o) 
3£ ^l°]2l A oHl ^H^fe SKV#(130)S] ^4^1 3: 

EflfVq. tifs>A^ ^-^(130)^ ^S. <4*] #-2.*> 3|-8-*>ol, o]^. j= 7 -§- %^*]- 

^ 4-§-4 24. 

<67> £ 7-^ T1CI4 4^4 NH3 4^* °l-§-tl: TiN ^H , 3^4(130)5] 44^:514 

TiN 44^4^r-£4^ 4311- 44\E ^2fl^-°14. E^fe- 444(130)5] 44£-5l4 
Tl ^nfl^ nefl^4, T2 ^nfl^ ZLEfl = 7> 5Hs]o] oi J1< T2 o] Tl iL4 34. 

Z2SflS°U 44 4°1, 31-^(130)5] 3^ ^-E^Ji4 ^4*14(^, Tl 

< T2) ^4 TiN 44^4^51-1- <£7) Jfl Sfl n] TiCl 4 7Vi» 4-§-g-4 ( 100) iflS. 

O.OjA|^d]: -^Cf. o]7^ TiCl4 7}^ ^?|£l U] ^ QJ «- 7> o] 3] ( W ) Aj-ofl HVnV 

^44^1 *)-g-£H 444(130)5] 44 ^-g-*H 2H#-i: "4 

71 q-, 444(130) S.£4H 44# ^4-44^3] ^_a.£l4 nfl^-oicf. ttj-eH, ^4?1 
444(130)5] ^SLl- ^iL^l 44 -g-ol^Ml 4# 4-2-4 °l ^-foflfe 4^31 = 

4U20H 4^4 h3 D ti4^(123)^ ^nfl-i- jre.7]) §H S^^C 130)4 4# ^ 

SU4. ^4°-sL, 44^4^*cH, 444(130)5] 44*14^ 4°fl 5]*H, 4 

A^Sl 44314^1 444 4 ^ 44#-§- 14 *li44 - Ol J7 Ojl- -g-tfj] 

43 #4 3l*lSHr -^iH5] «H^4^ ^ 7t44°.-5L #4^ ^7}1- ^ 

^ °4-g-4 ^Hl Jl4e t 4°14. 
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«a> 429± y dz}9l{122)3± 4°^]H$(120) ^Hl^, £ 4°fl f-l^J 44 £4. ^24-g- 

v}^4 tf^fit JUS Til 4# ^12^^(135)7} ^^SH &4. 

^2^^(135)^ 3^(135aHl ^(135bH ^4 4?I4. 

<69> iL#(133)-8: ^12^^(135)# #^5L 44^5. -^-5.(132)1-4 

o] °X3L t £ 3ol] £A]sl H >sq- ^ol, ^ojlE-l^-^diO)^ 44^1- ^Ke^ ^^HtII ^ 
•^H °J4. ii#< 133)4 711^ 30 7H1-H 100 7fl oliflo] 3 4^btH, £ ^ A H1 
olH^r 487fl 7> 514. 

<70> «flol 31 1-^(140)^: ^ oflB^^ ( 110)^o11 ^144 9fl4 4(w)7> ^aJ-Slfe J-^i , 

■^4^ Hl^r -t^^°l 4^4^ ^\ iU^S. -fMH ^ 4^ *14(H) 

4 ii444. 

<7i> 444(130)4 <fl<>lsl-i-^(140) 4°14 4^(D)-^ 20mm - 50mm 4 44. 

°1^4 4^4 *J^6fl o]^ o^.xj 7^0^, ^ol3l(w) 4°fl -f^tlr ^4 ^ 

44 444 ^ 4^ 44. 

<72> 5= 44^44, 43(D)4 4 4444 4711* £4 4 3^^, %v^} 
4. 444(130) ^144-1:3(140) 444 4^(D>4 30mm ^ 4444 7 ># 

ii4-§- 4 4 514. ^44, 4€- ^m4l *fli,24-§-7}^4 4 -B-^, 

^lol^^.^^ 4 ^ ^ nfl Ti^(D)^ tflgf 20mm - 50mm 4 ^ SMH 

4 4 444 i^o.^, 4 4*> 44(D)4 ^4 ^4 44-1- ^4^r4 

#J14 t2^I ^3-1: 7>^cfel-^ Lfll ^ 4&4. 

<73> 01 5 ^ ^Efl4 CVD 4^-§-7H4. 4-§-7>^7l- £-44^ 4444 44°! ^4 
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Slfe $flol5i|£-3<3] jV^o] 50mm ^1 A 0 V ~ 100mm ^SL^] ^-g- 7}x]$r ^1^. Zt 

3<D> °1 nfl-g-ofl, ^-^}--t l ( 131 )°fl A i -g-^Sl^- .^ll«V-g-7>i ^/5E*r 1: 

°1 ^ Vo l ^€ ^ &7fl 

<7-l> ^01311:^(140)^ Sl^ofl^r 3§ *g «fl#(150)ol ^^cf. ^ yfl#( 150)^ 3*1 # 

3(140)^1 ^^(150a)4, ^(loOcH ^<S£ *l^(150bH ^ 

xl^. °H. ^^afls-oi ^rf(i50b)sl *H*-sl iil^E^^C llOH^b, wH7le^^4 

<31£ E.-?-^ *§tfs] ^^5.E (1 l5)7l- ^-^SH oiuf. 
<75> 3gM#(150)o1H #^(150a)4 *i^(150b)£- eK 1 ^!:^ (110)^ vfl^o^ ^a} 

^2HV^-7>^ ^/tn- tf^7fi7f flM si} ( w ) A oH] ^l^-§-7>i#4 iLCf 

JlSTll uV-g-^ ^ oics. ^ ^-IM: ^t^. ^(150c)£r. ^^^^H «H# 

*V 7fil-^ tifl7l*(117,118)# ^-R-*VJI ^^i£(115)# Hfl7l^cl-. 
<76> *V^, yvnv-sv^^o. -e^Hl ^-§--8-71 ifl^fil <y-g^ l torr - 10 

torr ^ 4M*fl<>> SRrtfl, olEitb ^ v ^ ^H*M #-§-8-?l 

^^^^^-(160)7]- tiVHAl i^lsHo^ *Vc|.. 

<77> ti J-g-§-7l(100)tr ^ vflSl-SjLofl o^e^flSl ^(Hm ^ ^1 =1 <M £M ^Ws 1 °1 

nfl a]- o.^-7ll- 7^Al^1cl-. ^AHloflA-1, elojlEi^eKHOSl Lfl^^^tr^ ot 

120°C - 200 1 ^$HM -ff ^Sl^ 0 ^ ^^(l30)-8: °-} 150r~260lC 

-^-^islolol: z>Yv}. ^01311-^(140)^: ^ 425 1 - 650 °C ^ ^HH -fMslS-^- 

50-17 




1020000042169 2000/8/2 

, ^^«fl€(150)^- 150 1: - 230 r ^4°1H ^-x]sl^o|: *>cf. zl&Iji. $JM4(w># ^ 
^ ^ °1^^1- 7 1^ ^.E^ (Transfer Module) (102)4 «>-§-§- 7l ( 100) 4°14 ^ u l-tL(Vat 
Valve) (101)^ =L ^£7> oi 14or 170 ° c ig^ojH -ft-*14E.^- ^cf. tf 7 14 ^ 
SL^^ ^3 ^##4 ^-8: a$ ±3. £ ^ $14. 

<78> 7>^^ff^-, 51 loll 51*1 4 44 ^"Ol, ^11^ 7fif «];-g-g- 7] ( 100 ) S 

4t!- ^im-§-4-^^^--¥-(210)4-, .*H2«];-§-.4il- Ml-§-g- 71(100)5. ^^*l-7l 4^ i2lV^- 
7}^-^ (230)1- ±^4. ^ll^^-7>^.^-^-^-(210)^ ^ll^-^-7l-^^-^sl- < ?l<220)-8: -f- 
*M ^-§--8-71(100)4 ^"ISli, i2ti}-g-7>^^^-^-(230)ir ^2^-g-^^^^^.c] ( 2 40 

^-*H ^-§--§-71(100)4 <2~144. #*^7>^^^^(250)^5^-Ei -0^4^ l-«^7> 
^7} ol^5]^ .^l-i;%^7>i^-g-sl-ol(260)^- ^U , ^^-7>i^^-el-<y(220)4 <2i4^, 1" 
*^7>^#^(250)^-S.-?-El -g-^4*r |-t^7^7} ol-^4fe- *H21-«-^4^-^e}.o] 
(270)£- ^l2H}-g-7]->i^^4<eI (240)4 9!"t44. 

<79> ^ll«I:-§-4^-i-¥-(210)fe, 7fi5l5l-^ 1*11-5^(211)4, 

«}^7}±fil *-§-^# *)M*rfe ^ll^:-S-7l-i*#%=^H7l(MFC : Mass Flow 
Controller)(212)4. ttl#ei(211)4 ^ l^-§-7>i*#^ 7l (212) 4°H ^-^sH *fll 
H J-§-7}i£l *f-g- 7fiafl*l-fe ^ll««a.(Vl) ^ 7ll2'i«.(V2)l- af-^4. 7llia};-g-7>i^^- 
4^(220)^11^ -Hi l^-§-7]-iJ:#^^H 71(212)4 "£ H oHl i}*14 ^2^&{\2) ^ 3fll«&-§- 
7 r i*f-^H4(212Hl il^-S-7>^4 jrs-g. vflgflAl?!^. ^l3 a l«.(V3)7> M*l 

44. 

<80> ^l2«}-g-4^^ : ¥-(230')^. ^l2«}-gr7l-^o] jrf-g. 7 H^a]-71^ ^4*iJ±(V4)4. *fl2 

^h.(V4)1- f^^ ^l2«}:-§-7l-i4 ^Hsfr ^2«l-g- 7^ * 7] ( 232 )-& 
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^12^-8-71-^^^^^(240)^ ^l2«V-g-7>^*f-^xlH7l(232)ofl ^oh> 

<8i> ^ll-%^7>^^^-E]-o](260)^fe, fe- t-^4i^ iff 7l]3jlAl-7l^ ^16«« 

«-(V6)4, £ 7 1 ^|6 B la.CV6)# -f-4?!: l"*^ 7 }^ iL#^-g- ^ll-#^7>^* 
^■^M 71(262)4. ^1 7>i*#^=.^<H 71(262 w-^-^vj.^^ jr-g-g- 7 ^ 

3H M- 7 l^r ^17 H 1H.(V7)71- >g*Ha4. 

<82> afl 2 1-^^71-i^^-el-o] (270Hl^r, ^S.]^ l;^ 7 ^^ Jrf~g- vfl^H?^ ^18«J 

« (V8)4. ^181SA(V8)# -g-4^ £Sf§7}^*\ Jrfig.g- ^H^f^ 7Hl2l:l-^7>i*#^ 
i^l (272)4, ^2l-%^ 7>iJ:f-^^olvl(272)ofl £ !r#^7>^ 7H31M 
7 1^ ici^-tKVQ)- 7 } M*l€4. 

<83> ojnfl, *Ul «)--§- 7} i ^/J£tt f^7}it #-§-§-71 ( 100)1- 7] ^ ^ ^rji ^tafs H fl 

7leK] (400)^-5. ^>7l ^llti>ol3fl^5fo](280)4, *1l2#-g-4^ ^/^^ 

^?}if «]-§-g- 7 l( 100)1- 7^x1^1 ^«>S. Hfl7le]- ol(400)^.^ *st]1 ^>7l -^12 

^01211^21-^(290)* 

<84> afll4 o l3fl^4 ( y(280)£: ^ll«]:-g-7^H-^7ll<>l 71(212) 4 *H3im(V3) 4 0 lsl e |.o] 

°fl il0^.M-(V10)l- i^Jl, ^Ul-*^7l-iJ:#^^ol 71(262)4 ^17^«.(V7) 

a\o]o] e^oi^i <g-^ aflii*gtL(Vll)t- ±^-*Vcf. *H24 o l 5 11^4^(290)£- A]2^7\^ 
* #^1^1(232) 4 ^15^«.(V5) 4°1^ 4°J4 12«gJi( V12)# i^l-Ji. i2 

l:l-^7>i*f-%tHH7l(272)4 i9 H Jli( V9) 4°1^1 4 ^4 ^1 13H «.(V13)# 3£ 

^4. 
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<65> ^U,2H}°l3fl^ZKl(280)(2yO)£:, ^ll^-g-n^^ 42^-^7}^ ^^^7}^2] 

(400) -9.5. *2.7fl ^ ^-r-°11, Sfe- e]- , y v)H 3°-o|] f I£^r 7>i^#l- 

Afl^Jo.^. jn^e>^ Tj-fofl, 7}i^t ^ s}o]-i- 3]^ (purge) ^1^171 Jfl ^ ^f3°-£ ^ 
•g-^Cf. o}S+ ^o], e]-0] ^flofl ^sj-fe. ^ll,2^-g-7l-iuf ^7] cc^ ^<*o}-£ 

7fi«>fl s]^H ^lll,2Hl-^3flier < el(280)(290)# -f-*fl §43. tffl7}e}-o}(4oo) 0.5. 

5- ^:-§-g-7l(i00)7> i<«slfe- 3-§- ^ 9X^. ^H, ;Hll,2«]-^3Hie>o] 

(280>(290)£ ^-8: f^r^- -4-§-*M ^Hr^r 



<86> 7 r i3^£ &^}^ 7>i# 3]^*>7l ^ *V 7 r i^^ 

(310)^.S.-¥-E^ 1:^:^7>^# ^sf^ #*^7>^^-^-B}o](320)i: ci i^cj- 

. l:«:^7l-^^^-e^C320)^ ^1 l*h§-7 r ^-^(210) , ^2<^-§-7 r i^-g-^(230 ) . ^fll^ 
l-^ 7 >i^^-Sr < y(260), ^l2#^7 r i^--g-2Kl(270). ^1 l*r 0 l afl^r*?! (280) , ^y} 0 !^ 
ifiK](290). u)]7le|-o](400)-g-4 -ft- 7] 30.5. ^l^H ^cf. o] 

«.^.^vi- i ^^e].oi(320)-^, ^itiV-g-7|-i^-^^-(210)S^ -|-#^ 7fi *f--g: 7fl^l*V7l 
<H*V ^141lJ±(V14)2r, ^l2wV-§-7 r i^-^-^-(230)S.^ l:^ 7 }^ ^l^l 3 *> 

^llo^tLCVlo)^-, ^ll:^7 r i^-g-ii r °]( 260)^.5.^ l-^^7 r i iL-§--g- 7fl^)*l-7| ^ *V 
^16 H l«.(V16)fi)-. ^l2l:^:^7>i^^-5]-o](270)^-?-^ Ir^ 7 }^ *f--§- i^l^" 7 ! ^ ^ 
7fll7^«.(V17)^, ^lln>ol3flis].ol(280)^.S^ tt-^fi 7$n*\y] 
«.(V18)Sh 7fl2«f o l2flie]-o](290)^-?-2] l-^^i Ji-g-g- 7fl3fl* r 7l ^ ^ *|]l9*S!w. 
(V19 )!■-§: -f ^iH a]o_*> 7]^.^ 7>ie r «yofl 3^3-. 
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<*'> wl]7lEl-<y(400)^ ^-8-71(100) ^ ^1,24°1 ^4^1(280) (290), ^^l 4^ 

tt ^^% v #al^^^^-e} o J(340)^-^l <££4<H «U 7l 4<?1(400 Ml ^7 ° y v ^#^^ 

(160HH ^4 ^-§-§-71(100) 14121 «y-§H 2l4°1 Ufl7l£l^ 

i^*}^- MS.-t'gti.CTV)^, «fl7l7>>iS] *-§--g: 7fl^Al-7lfe ^|23'iW-(V23), ^124^ 
J±(V24). ^]25 l ga.(V25). «U 7 1 ^ =(410)f-°l M^sM &4. °1 n ti . *l]l4 0 l 3 11^eKl 
(280)-£r *fl23HJL(.V23)4 *ll24H9 JJM V24 ) 4°1 o) e}ojofl ^24°1 ^-^4^ ( 290) 

*ll25HS£.(V25)4 Hfl7l^} 5.(410) 4°|2l e^^lofl ^tIe]^ 5Uc}. 
<88> *l*- 7 }^ 7 } nfl -§-^*HMl 21 *} ^ oi C |. > 

-f-JELi^ HVul-^ai-^^A] u j.™ pI^ds., ^oj-i-^^ #£Li-^£l igj-xg^g. o}^ 

*>7] ^lEl(clS.Al )l-ol M^t}. oje^V ^Ell;-^ S^Jfi 7}^ ^ 

-g-l- ^ -1} ^ ^ j?_ M ^1 51 ^ 3 °1 4^ 4*1 , eV^l Ml ^ ^ <3 o)l A4 ^ tr 7 ] -g- 7] » 
•<g-S*Hr 4#^44. ^HHH^r. ^-§--8-71(100)5. T^-l} 7l^7l7> 40 

°C ~ 200 °C SiS.-^- 4S2.4. 

<89> AJ-7] 7>i^#^, ti]--g-g-7)(100)# fFB^M <H *} ^ 7>^#^o] (340)# i 

#El^7}^-^B}o](340)-8: ^ll4-§-7}^^-4<?l (220)4 £14. 
7}i-g-#4°J(340Hfe-, #el^4il- -g-g-SRr 7}^-g-^-(330)4, ^sl^r # 

Sl^4i2] 7fl^Al7l^ ^I21 a ly-(V21)4, ^l217l-i«fl a.(V2D* -f4t} #£l^4 

is] ^M4^r #51^4^* #^1^71(342)4, #sl^4i*#^ ^H^l (342) 

°fl #B]^7}-io] jr:§-g- 7fl3flAl7l^- ^22^a.(V22)# ^^4. °1 °fl , #5^4 

^-^-^^-(330)4 ^121^«.(V21) 4°H1^ ^TT c a i i±i(331)4 ^7flS}- oj^. 

°lfit i^l^m ^ El (332)7} £^144. ^714 7 ^ Til Wl. #e)^7}is. 
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C1F 3 ^-g-^" t 5^. 

<90> o]nfl t #Hl^7>i^^-e]-O](340)^ #el^7}^f- «V-§--g-7l ( 100)# ^1 ^1 &JL 

S. «fl7lej-o](400)°.5. *s.7fl §1-71 ^a), .^126'S«.(V26)# ^r°H ^ y fl 7 1 ^ (400) 
«a-lSl<H ^2y> o l3fl^S>o](290)3f #&)^7>^^ L ^ L S]-o](340)# -f-sf 

°i -ff°J=l^- -t&1^7}i^r, ^I22 a ly-(V22)1- ^JH, afl26*gl «.(V26)1- °J-g- H, *\}2v}°)^ 
ie}°J(290) ^ Hfl7]e|-ol(400)^- 7)^ ^y)^. 

oi> t}-g-, ^-71 sq- #5l^^l# ^til*V ALD .^U^Hl^l 

<92> £ ^Al^Ojl^ ^Olsjofl TiN M^^^g- ^.g- £.Al*l-JL ^O.^, O^- ^ ^ 

^ ^lti}-g-7}^5.A^| TiCl 4 l- ^-g-*f^:n, ^l2^-g-7>i3LA-^ nh 3 # A}-g.S>$OD^ 1-^-Aj 
7^3*1 Ar # ^-g^}^. «4^. ^¥£i(211)^l^- ^Aj-o^ TiCl4 7 } ojcf. 

<93> £-§--8-71 ( ioo) fe, 5i 8^1 4^- «H°13|(W)# ^ °1-£*1?1^ 

^(Transfer Module) ( 102H1 «Bl8:Ji(Vat ValveXlODl- ^r°H = JL ^^i^. 
$JM3f](w)fe- °1*£1-(102)^ S.^-o>o}-(TilHAl )«>fl o]*><^ ^101^01^^(116)^- -f-^H 
£-§--8-^1(100) Ml^-S °l-£sH ^01311-^(140)^1 ^avslt}-. 

<94> ¥flols?l( w )7> *lEl-i:-s.(140) °^3]-5l^ ^0131^.^(140)^: *fl o} jj] ( w)-& 400°C 

~ 600 r 4*1 ^^l-^lJL, ^lolul ££7]- «J>^^^ £-§--§-71(100)^21 7>i^-oj^.^j 

<95> n^-n-°J£^lfe-. 1l B l«(Vl). ^Ir^JtuVfr). *fl8*gJi(V8). 4 »fi «. ( V4 ) # ^ZLZt 

^ nei^. »ll-^€ TiCl 4 7 }i^r H]2»&*L(\2)v}*\ *M1 Ar 
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:^7B«ti.(V7) ^ ^]9^m)^] *M1 ^H. NH 3 42*}-£7}±.S.^t& ^1^71(232) 

<96> nf#ofl f ^7^ti.(V7), ^19«J«(V9)# «g<H lr#^7>i# ^-§--8-71(100) -fi- 

^lM. 7 >i7> -fr^sM*! tiV-g-g- 71(100) vfl-*M KT 4 ~5:*10- 3 torr-i: -R-*l* r 

fecfl. ff^7}i7l- -H-^^°fl #-§-8-71(100) vfl-?-^ ° H V ^^ 1~10 torr^ ^cf. °1 

ei?!- «]-§-g-7](100Hl M^l^ 0 « v ^^ -¥-(160)71- wfl7lE]-o}(400)^ e^lSti 

(TV)# -31^*1 ^Tfl *vo, s .*l A^}^-. <*}y)M, ^l7.9'gw.(V7.)(V9)» -^l 6 , 8 , »g 
(V6KV8)» ^ £*>3 <^ ol^-^ ? ^-.-471 ^l7,9 l iti.(V7,9)l- <I 3 °1 s. 

H -f-*H >£-§-§- 71(100) ifl 7>^7> ^-ff-Jg ^ 5^7] ttfl^-olcf. 

< 97 > cf^-ofl, av-g-a- 71(100) Lfls. NH 3 7l-iSf TiCl 4 ^1- -fr^l^ °-S*l <flM 

sKw) A oHl TiN ^-^-i- 31 # TiCl 4 7>i» ^ -H-<a*Hr ^-f^fe, # 

-§--§- *\}1&7$\£. TiCl 4 7]-^^ Ar 7>i# ^-*fl -fr 0 J A b 7 l^, i^lTi 
TiCl 4 7}if w^flAl^cf. a^, slM^u-) A cHl TiCl 4 7>i-foi «g^s)ji t o] 7 >^^ 
£ ^ Ar 7}^oil oi^o^ <y-3]-sJtK 

<98> *fl2£3lS.. NH 3 7j-^<2f Ar 7 r i«- -H- ^ a] 71 , NH 3 ^-g-g: i 

: 3 A l7i *r#^. NH 3 7>^^ olnl ^ol3H(w) A oHl ^Sl<H TiCl 4 7>i#2l- 

^olnKw)^ TiN tiV^v^ ^Al-Jcf. a, ^11,2^^1^ <£^<?1 ^-bM TiN 

+ NH 3 #°1 ^^slfe- :Sjolcf. 

<99> cf^. t TiN + NH 3 # A 0 H1 Tll^^oi tn-nv ^ ^ ^^^^ c^l ^aI^Vc}-. 
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TiN + NH 3 TiN + TiN + TiCl 4 v}$\7\] ^cf. A}2*£A$] 

3. TiN + TiN + TiN + NH 3 #-§: ^*Kn. °1 ei t> ^-§- %^ ¥^1^ 

TiN ^-^-i: ^ 

<ioo> oleitl: TiN ^^^^^^ ^16,7*^ «.("V6)(V7) ^ ^l8,9^w.(V8, V9)t- <1<H Ar 7> 

if «V-§-g-7l(l00) iflS. Tfl^ -H-SJ-M^l^^, afll^CVl) ^ ^14«1«.(V4)* ^ A o V ^ A o 1 ' 

<101> ojnfl, ^2«lw.(V2)^ >fl3 , S«.(V3)7> ^S^l^Hl 13 TiCl 4 7}i7> .^l«V-g-7l->i* 

71(212)1- 3-fi-*H ^]3^«.(V3)7>^1 S}JL, ^3^-tL(V3)l: <g 

<H ^ll^r-§-7>i» «&-§--§- 71(100)3. iL^i nfl ^]21Iti-(V2)^r ^ *1 £-1=- ^, afln£ 

-g-7>i^ ^ ti.fi)- »J|J± AVol^- ^.^.^o.s. ^l^-§-7l-i^2}-oi ( 220)# ^-*> 

S.^- ^ -5j«m-. ^Iji, SV-g-^-i: ^-xgsl^ 7}^-b wfl7lel-«y 

(400)3] MS.l-'ga.CTV). l^^i ^1 23, 24, 25 H iL(V23, 24, 25)1- ufl 7} 

<102> ^-71 "4 ^ TiCl 4 7Vi-b *fll,2'gJL(Vl,:>)* 71*1 -ft-e^M^ 

^il3 a lii(V3)l- ^lia}-g-7l-i^^-e}o](220) AS ol^slii, Ar 7>i^ -fr^M 

^ ^l7*i±L(V7)l- 74*) ^lia]:^-7>i^^-5l-oi(220)oll^ TiCl 4 7}i<4 «}-§-§- 
71(100)5. 

<103> ol^i, S-xgQ TiCl 4 ^ Ar £ *Hl^*H^(lll) ^ ^11^ i5}<y(121)-i- ^-f> r ^ji 

^1^ ^(KMHH cf^l tt^ JLB.7\] ^fsl<H ^-4^(131)1- ^l°l5l(\v) 
5 i 5.7fl ^f^lfe Tjolc).. nh 3 tiVo_7>^b ^l4^tL(V4)l- 74*1 -fr^M^ -f 
^I5*i«-(V5)1- M ^l2«>-g-7l-i^^-5l-oi(240) ol-^slji, Ar -fV^M^ 
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i9»g«.(V9)t 7] A A2^y\^^^\°A (240 NH 3 7\^$\ ^tl^H Q ( 100) 
2- NH 3 7>i % Ar ^12^^51-0] = (H2) ^ ^]2°^'€^9l 

(122)1- ^-B-*>J1 *1l2-&^(135HH nfA] ^ jistI] ^- ^(133)1 

e)^jEil-^(iiO)^ ^-^>sl^ 
<i()4> olnfl, o.^^o] S ]^ TiCl 4 7 >^ 5 1 ^-f-^^r 1SCCM °l A o\ TiCl 4 ^r^^r ^^Itt Ar 

7}^$\ 5. 50 SCCM °l A o\ NH 3 £j *#^-ir 50SCCM °K V , NH 3 7>iSf Ar 
Jl#^# 60SCCM °l A o v ^-S. ^ 3H «>#2]*>^f. ols^ 

<1()5> A o V 7 l^ yo VAlO S yVnl--^^^^^ aV-g-8-7l( 100)3. 

^•s] 5*11 sK uniformity)^ ^ IKJ-^. 

<ioe> nelJi, m^7\^s. Ta €i» sj-^l" 7>i# oj-g-^ji, ^^-s^r^S 

N -i: 11- NH 3 7}if oj-g-^v ^ >^7lsq- tg-il-tr 
^lol^(w) #ofl TaN ^"^-i- ^ v % v ^ aICt. 

<107> ^-7)*V Ar 7\^9\ ^A^j-ife- ^ll,2^7fit|- 5]^A|^ 

%*k*\ ^-§--8-71(100)5. iUfl^r ^^-i- *M #-8-*}- ^£^5. 31-^-^4. J£*L 

-ir«-^7>^^ ^ll.2til^-7>i^^e>o|(220)(240)A5 *1M 3} ^ uv^sj-^^ 4 ^ ^o\] 
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<108> Cf-g-, £ igj-rgofl Of s 4^-2}" 7 ^C|. 

<109> ^-^^ U o V ^^. #^^7l-iSf l;#^7l-il- °l-g-*H #-§"g-7l ( 100) ^ 

^-§-§-71(100) ^ol^r ^E]#^- ti}-§-g-7l ^ £ ^il^l 3-% 

a]^ 51-71 W -g-vlLfl HEl^^^^( pre - coating process)^- 

<no> *«°1#b1^^£, ^v-g-g- 7l(i00) tfl^om ^^(SKV^. *1M 

31-t^, ^^ufl^o^ ^t*(150a)^-Wl yi-nvolul- ^ -^LV!-(sHM, 5. 

«J-^...)ol ^S\o] ZLsL^i ^-^51^ 43 #3 7fl^7> & 

1- ^7fl€ M^^^M- H~ 3*fl?I ^7ln>cf ^1^*1-4. #£l^ ^7l^ ^ ^ ^ 

yVnVofl 4 el- xl-olv} oi^xjnv TiNj Ti? xiAIN ^-§^ ^ v *Rr 3-t-, °i -£ 500 # 

01-^0^ ^zj-^ Ol^oll ^Al^l-Tll ^4. 

<m> ^l°l#el^^ #el^7>^*#^^H 71(342)^1^ -8-%^Hs| wz]^?}^ *lli 
^$7}±.TL^*&*\]o]7](262)tiftx] -fr^M^ tf A ^fit ^ll«>-g-7>i^^el-o](220)# 
^ A l?l ^ °1 ^^ V7 >^1- ^-^(130)21 ^-^^(131)1- -f-^ ^ol3l( w )^ Aj- 
^ &#<LS- £a\S]5l^ i}JL, 4 21- ^7}iJLf-5HH 71(272)^1^-1 -fr^^H^ 
7^-1- ^2yV-g-7>i^^-Sl-o](240)# -f-s><^ 4^4(130)21 ^^(133)# ^c,^ 

(W)O^ ^-A>Al^O,^«l ^^4. ^AH)ol).^, #el^7>i5. C1F 3 7}if A}-g- 

l-#^7^_?. Ar 7>i# A^^-Cf. 
<112> CIF3 7}^^ #£-ofl ^ T^O] y^oj U ,751c -g- 7>^Cf. ^ *V Q 1 F 3 

4^ Mhg-g^K 100) ^J?- ^-°JSl7l77>xl C1F 
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Ar C1F 3 7}if 7flitiV-g-7}-i^5}-°l (220)1 f-*fl ^-i>^:( 130)^.5. 

CIF3 7}-i» 5]^Al-7lo], ti}-g-g-7l(100) ifl^-S. *S7l] 



°C <>1§HH CIF3 7}^ofl tflSfl «?>^^olj7, nj.^7>^]S., HlMEKl ^r££ 170 °C °l£ r °l 
^ 3 v ^ftf. , «V-§-g-7](100) S^H^r *1M 311- 3(140 )-§- *H*l*Kn. ^ 

<4£ 200°C H>^-2j*»llfe 170°C °1*H| ^lEl-t-i: ^^fVcf. je^, ?flo]s] 

^^(140)^ ^-^s]-^^^£( 425 TC ~ 650 °C ^^)# ^ 300 °C 7>*1 -tf^HH 



-R^sItt CIF3 7>^£- Ar 7|-i^iLcf .3j-7fl SKrC-fl, ^ Aj-^^^l^ o_^ : ^ 
<Hslfe- CIF3 7>i^ 50SCCM °l A o\ CIF3 7>^s>}- Ar 7\^9\ -fr^H^i 

*#^^r 50 SCCM A cM *H2*];-g-7}^^s)-<y(240)°_S Ar 7}^$] -fr^l 

=1 300 SCCM n>#3j*l-^-. °H, ^}-§-g-7l(i00) ^ ^^^^-^ 

0.5 torr <M 10 torr *£^H1 Sl^ 53 °1 ^3 ^f4. ^l^r ^ «<}^1 -^W^ 

^tL#e]^^, %=s] ^ ^-§--§-71(100) 3 3*1*1 

fl£ l-^^i «]:-§-8-7i(ioo) ^--¥-3 4°J sl3°fl 7i«y*H £-3=1^- 
^^7> i^7H^ oia o i- ^ ^o.ofl ^sr^ ^l'em^^'i y l*H H-isj- S} 



<114> 



^#£^^^1, ^-§-8-71 ^w-oj] jzj.^^. Alzl-oll o)^- ^ £ 
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<H7> 9JM a] -a 3(140)3 ^^-^^^^^(^oV - 650t)» 400°C 

^£ o)S}S. ^^Jl, ti}-g-g-vi(ioo) vfl^- a^S] ^£7> SlM^-i 3(140)^ *H$1 
JL ^o>£ 200 r olS>, wj-^-^^l-^^ 170 °C °}*}°\] A o v *4HH 

i^H, •^l22 l iy.(V22)l- ^-^o.^ 111 £--g-°-5.*l C1F 3 7>i» ^-§--8-71(100) 
tfl-?-^ -B-^SHE.^- Sffe ^i(pulse) -fr^ ^r^9*H , °11 -3-^*1^ ^ 5 o] # 
■^ES. *1l22 M lJi(V22)» ^M^o.^ <^ v 7ll =1 ^ , # -8-8-71 ( 100) ifl-?-<HHfe C1F 3 

7>i<Hl ^ -Q- -^(pressure fluctuation)^ ^r^slul, ^.S-^l C1F 3 7> 

-ife- Mh§-§-7](100) S-^i -n-°a lA l -H^-Tll ^^>Sl^ A i ^>-§-8-7l(100) vfl^-ofl 

(V22)b ^ ifl*) T-y?. °1#3 1-23L ^3 °J33 ^l^-g-^ <M^?ll ^4. 

<118> *V^3, -fr^ltr C1F 3 7^^ Ar 7}^^t\ 3)- Tfl *>^Cfl , # *1] *} 7fl fe- -R- ^ ^1 

cHsl-b CIF3 7 r ^3 50SCCM °l A o\ CIF3 7}^sf ^slfe- Ar 7}i<2} -ff «g= afl o] ^ 

*#*8=£- 50 SCCM °l A o\ A oM ^2y]--§-7l-^^^s]-o](240)^S il^ Ar 7>^°1 o.^^ 
<H£ 300 SCCM ojAj-o] ^ol v}#x\f>}v\. o] Ar 7^£>1 ^-^ 

^0.5. *V ^Eflofl.^, 7Hl22 l i«-(V22)l- ^7]^o_S 7 >H1 3*H CIF3 7}^# HV-g- 

-8-71(100) iH^f. olnfl, tiV-g--§-7l(100) ifl^ °h V ^ M^-8: 0.5 torr °fl H 

10 torr ^^H 0 Jb 5H ^r^^t}-. 

<119> .^-71 «4 ^Oj^^wj^^ ^ ^t^^^ofl Ol^A-}, ti} -g.-g.7l (100)5. 

*Htt CIF3 7>^°1 ^-^^4 3 aV-8-8- 71(100) ^ Si #3 ^ o._ yv-g- 

-8-71(100) 141^- S<£ ?i^O]l ^3}-^ HVnVo] STj^^O] AlzV <y^ $1-711 f>\7] $J gfl ^ 
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<120> H5l^^-°r, C1F 3 7 r i# nflo]^^^ o]3f.o\} aV-§-g-7l(100) 

^Mlti- ^ ^-S-g-^Kioo) m^- Ji^-^l-7l7i 3^ ^ 

°l*r. ?]( 100 H siM^i- ^ ^*Rrtfl, nfl°l#sl^3 o] 

3H^5 s>El#ol ^o^l g>JEJ=- 
<121> -g-^lfl H^5i^^^# ^3S*>7l *H1 «]:-§-g-7l(100) tfl«^l ^0>ol^ 7^7} 

«fl7lsloioi: *lcf. on- 3*H, ^-t^^lMM- A-^ti^s]^^^ #5.^. *>-§--§- 7 1 
(loo ifls s.€- 7>^^ -^ah Ms.^'iti.crv)* 100 % <i<H 

^^§-i: ^-§-^-71(100) iW°fl #°\<a$r CIF3 Q Ar 7fi, n^jl \^}oife ^ 

<122> til o.^7l(100) vfl-¥-7> ^^§1 >a-HflS. nfl, i^lfEl^^^Al 

£ *ll °1 21 1^(140) ^ ^"i" -SrHC^ 425 °C ~ 650 °C)3 ^ A l ?1 y ] -M 

^tVcf. ^ol3l^-^( 14 o)oi a o >^a171^ J^^H, Ar 7}if «H-g-7l( 100)3. -fr 

(flushing)-!: #21^ *fl6»ltl(V6) ^ ^HiK V7 )1- °J<H 

Ar 7fi7> ^|ia}-g-vl-^^^-el-o](220)-g- ^f-Sfl u J-g-g- 7 l ( 100)3. *s.7fl ^nf . *fl8 

«lti{V8) ^ ^I9^ti-(V9)» 1^ Ar 7>^1- ^l2^-§-7>i^^-el-o](240)-i: f-*fl «}-§-§- 7l 
(100)5. *st11 >H1 °1^-<H?14. 

<123> #H^ol xj^Sl^ ^ ol 311- 3( 140)21 -grSL^r A cHr^ 

A. AM 31 1-3(140)3 -°rH7> aVuV-xV^L^ ^S^x] ^M^-. *fl °1 ^ A 

;")()- L'9 
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<124> 



-§-7)tfl HElS^^^^, «>-§-8-7l( 100)^1^ SlM^I* tifl^]^ #BlH*1, -fr^H^ 



TiCl 4 Ar 7}it £^-*H #-§-8- 71(100) tflfil ^ol^l^. ^(140) 

NH3 7^4 -fr^Hs} Ar 7>i# ifsf^ «V-g-§- 7l ( 100) iflfi] $1M si 1;^- 
(140)3} *l^o_5. ^-g-^-°-5.*l olnfl, ^_o*l- 3£. t TiCl 4 7>>:» «];-§-§- 7l 

S- -R-U^M 3 3<H£. NH 3 7>i» ^x-1 -^^Al-7]^ 7^olcf. ol^, TiCl 4 

4^1 7 r 7 o V *}" ^ $M nfl^-O.^A-1. n>ot TiCl4 7 >^ 7 > ^V-g-g- 7l ( 100 ) 

^ -fr^l^ tiV-g-g-7l ^Ti ^Zj^H JL^^ nfl-f 3]-El 

#-§: D^eH, TiCl 4 7}i7} Si 71 ^E. ^alofl NH 3 7>^» -fr^H^ 

^-§--§-71(100) ^ a^ofl NH 3 7 r ^ol ^7)]§}7fl^ ^S^l , o^ofl TiCl 4 7 > 

i7} -B-oj^ nfl NH 3 7>i«4 aV-g-SlTfl *H ^ 3j"8"£ ^^^.Al^fe- Mrf. 2:, aj-71 
^l^-§- 7 >^5- CI Q±^t s\-^7}^ ^\^}JL ■$->] 7>i» NH 3 5. -4 

( 100)5. -fr°JM- 7 l 7 l ^*H1 NH 3 ?}it dIe] -Fr^ M-yl^ #o]t)-. 

<125> ol^oJl, «h§-§-7l( 100)5. TiCl 4 7>iSf Ar 7}^ff fr°J A l 7 14 TiCl 4 

:'}it i^-M ti ^iAl7l^ ^11^-^1 ^-31-4. #-§~g- 7 l( 100)5. NH 3 7 }iSr Ar 7fi 

» M r '14 NH 3 7Vi* 4i^a1,7_> Hfl afl Al -71 £r ^2^^ bV^t]^} $7] 

^l2^-g-7>^4 ft^7}if Tfl^OJS. -fi^H^i 2fll#7jl _g.3J.0_ HV^O^M] -g- 
<126> #7]Q). ^-7lLll KB] 3.^^-8:. ^H^l" tiH^AlTj ^EfloflA-1 7j *| ^ « 3] 
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o\].K]9\ yQro], 7fl l«}-g- 7>i^ Ti , Ta. W ?M ^# i^V^ sj-^f- 7>^# Aj-g-^ 

-H A]2^7\^S. NH 3 7j-i# Af-g-^- ^-fofl, tq-nj-^aJ-^Al, #7l ^l°l^(w)^ 
400 °C ~ 600 °C -B-xlAl-7lJi, #7l tiV-g-g-7l( 100)5. ^1^1^ 40 

°C - 200 V. ^°1H -fr^^l^l^. 
127> #71 S]- H>nV-a>A|all- ^-g-SH a]*]^ cflolEl7|- 5L 9 «H 5LA]£]o] 

£ 9 tt #3^3 71^ ^#5]^ 2fEl#^] 7 fl^» c-flo] 

E^olcf. JE.^<m>H, A fe- 500 nflo] ^|o|3]^- tiVu]-^ai-*v o]$L6\] 7^0] 

Jl. B ^^#^^^^^-^^1 7fl-t-cl^, C -g-7lifl *5}.SU^ 

o)Jf6]} r^s} 2]-Bl#^ 7^olcf. ^-jis. ALD W ^tijo] ^.^ofl 4^ 

^1 o] ^ #^6fl ^s}^ S-i^E^ ^7} if- xVol7|- - ol^ ^Aj^oHA^ 500 nflfil 

SIM 31 # ^^^^.S. tq-^aj-^ o}^] s>El#^ 7fl^fe- o 8 7 fl5io.Dl, 60^-^ 

#21^*1! 2757^ s]-Hl#ol ^* £ ]^o.^ ( o]o]*\ io4¥- H-fil -g-^ifl ^5l^^^ 

U 157flS ^7lA^, ol^ofl 2757fl^ 2}-B]#ol :jj ^ 

^-§--§-71(100) tfl«-7> ^ o\u\ji #^^^-^-g- S^#2l 5.^ofl ^*fl*f 

MS T^^IM «fl7le>Ol 4*1 M"7>X] ^Vjl ^o]^ ^ol3]( w ) AJ-O.^ 

<>Mfe ^olrf. o}^ofl. -g-7lvfl SiM^^-g- ^#5)^ 2j-El#Sl 7fl^# ^ 

i28> .<j.7l<4 tJ-^. §2]^^^ j^gflofl «>-§-§- 711- 1^ ??#^^(wet cleaning) 
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^ 500 - 7 ] S ^jcvjc 5 _ 10 5) o]^ %M - olt} 

<129> cf-g-, £ 10* ^SH, £ ^ ^Hl*V ALD ^-^--aV^yjo] 

<i30> ^12^a1^7> ^l^Al^]^ t}^ m^A}d\)7} <filo]v\<$<q TiN IEfe TaN ^-g- 

-?J-i: *V 7 1 ^U^H^ ^H ti J:-g-7>^^^-«-(210)7> ^lltiV-§-7>i 

-§■^(510)5. tfl.^Sl^r 5i°ltK 1 «]:-§- 7}-^ -g-Jf (510)^ 1 ^ 7}-^ ^^.o. 7fl ^ 
*l- 7 lfe ^13111 tJ.(V31)s]-, *fl31»gti(V31)l- ^ll^:-§-7>^oj *)H<5>^ afli 

«]-g-7>i;*f-^=^<H7l(512)» *Hl^-§-7>i^-g-Jf(510)fe ^]3 y li±(V3) 

<131> a, ^7l*f- ^o)l Olc^A^ WN ^-§7 ^ 1 H]--g-7>^^ ^SS^ WF 6 

1- *fi2*V-g-7>>^ N * s\-^7}^, oill- NH 3 1- 

Ar 7Vi» *l-g-SHr AV 7lt v 7 ^s. oj-g-^- uvn^av^o. TiN ^ 

<132> t}-g- ( £ 11 * ^°fl #£^^11- ^tiltl: ALD ^^l^l 

<i33> ^13-M^H17> ^l-a^Hl7> 3 ^i^Alofl7l- TiN SE^ TaN 

■t 1 ^3°fl *t3 ^HHAii- TiN SE^ TaN ^ Ti , TiAIN $ ^ 
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-r °1^ a* 711 *H ^U^H^l ^ofl ^ 3 *]- o. 7 } ^o] 

BIACTriMethyl Aluminum) 7\±.?\ °l^£l^ ^l3^-§-7>iol -£ef<y s\ , ^l4^b-g-7]-^«?l H2 7} 

<134> afl4«V^7>i-g-^:»(610)±r, ^-g-sRr H 2 3 *-§--§- 7fl 3f| *1 -7l ±f- ^32»i«.(V32) , *ll 

32»lw.(V32)l- H 2 2l ^H^^r ^4aV-g-7>i * #^^H 7l (612 ) , *U4«V-g- 

7>i*#^=^H7l(612)oH *1H€ h 2 7}-^o] 7 fl3flAl7i^ ^33^ «.(V33)» it*[ 

4. 

<i35> ^l3Hlr-§-7>i^^^(620)^, *H3«]-§-^# 7}^^}^ v\ ei( 62 1 ) 9\ , = ^ 

^■§-7>ifil *lHSRr ^l3^-g-7}i*#^^H 71(622)2}. wH-^l (621)^ *fl3*}-§- 

7>i*#^=^H 71(622) ^H°fl M^lsH ^3«]:-g-7l-i^ jr-f-g- 7fl3|l*l-fe- ^134^ «.( V34) 
2}-. ^l2ti}-g-7l-^^^-El-ol(240)^-S *l3#-§-7}i*#iMol7l(622H ^l3^-§-7>i 
Si *-§--& i^l-M-" 7 !^ ^I35 t gw-(V35)1- i^W. 

<136> ^, a o v 7 |^ ^Ajofl ^ol^ t TiN iEfe- TaN £ #€: Ti . TiAIN -g-^1 ^ 

^1*H, ^U«}-g-7l-ife- Ti lEfe Ta ^1^ 31 4i* if-^ s|-^-§- 7}if A>-g-^>j7 ( 
#^7l-i5.A^ Ar #. ^l2«>-g-7>i^ N 31 i» 7>i# A>-g-s>ji, ^13 a]; 

-g-7>^S TMA 7}i#, ^l4Hl--g-7>iS.A-l H2 7>i# ^>-8-*>fe 5 0 14. 

<137> OlE^ T 1 ^^ ^^-^2i V M a l^ *1l3^ A Hl^ *^<5V ^l^Al^Sl- cfl-E-^ol^a 

<138> 7]^-v}y] £^ *J a! ofl ofl *l t <£^s) ALD ^-^--a- Ti. TiN, TiAIN. WN, TaN >^ 
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TiSiN, TaSiN 4 €i* 3.#*Kr ALD ^-foflJE. ^ a] 

<139> £ ^-tg^ c^ol] £ Al^ ^Ajojl^- igjLS. *£*$S]9l°-^, o]i- ^Al^o] 

<140> £ ^tgofl rtj-^ ALD ^^Z^y}^ ^ ^B^^-gr, ^^-7} ifl £E 

£^(dry) #Bl^*M, ^ ^^^^^ -§-°l*Ml ^ 

<i4i> IE, Ti, TiAIN, TiN. TaN, WN, WSiN, TiSiN, TaSiN ^-§- , ^ v 
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1] 

^o)3]7} ifl#si<H ^^slfe- ^-§--8-71(100)4; 

^1 l ti J-§-4il #7l £-§--8-71(100)5. ^-g-sM 4tt 7lll£-§-7}^^(210)4; 
i2H>-g-7>il- #7l «];-§-§-7l( 100)3. ^^}7) iHtt ^2ti>-g-7>^^^-«-(230)2f; 

#4 ^li^-i- 7i-^^(2io)^ #4 ^-§-8-71(100)1- <?n*Kr 

<?] (220)4; 

#4 42«}"§-7}^-^(230)4 #4 £-§--§-4(100)1 <3-l*Rr ^l2tiV-§-7|-i^-^ 
4<?1(240)4; 

l-«-^7>i^-g-^(250)-2.S.-?-El tt^7fit #7] ^liaV-g-7l-i^^-el-<y 

(220) .IS. ^SRr ^ll-l-^ 7l-i^-^Sl-ol(260 )4; 

1:%#7>^-^ (250)^.S-¥-^ ^51 fe" tt^7fif #71 ^l2^-g-7>i:^-g-el-0] 

(240)^.5. ^121-1-^ 7>i^^-5l-o] (270)4: 

£4 £-§--§- 4 uoo) 4 7>^» si^-s. ^#4^ tiii7isi-9j(400)4; 

#4 ^ll«J-§-7>i^^ef9j (220)4 <2144 £4 £-§-8-4(100)1 #4^*14 71 4 
tl #£^7}^! ^-g-*Kr #Sl^7l-i^^-El-ol(340);# i#4^r 4-8: -^iLS 4tt # 
Si ^ # *1 1- ^ «1 ALD 4"4^ 4 4i Hi . 



I1^# 2] 



£-'1 #£l^7l-^--el-oj(340)^. 
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^fJ-SlTT #&1^7>i«3] 7fl 3fl A] 7] ^2l7Hr1l^U.(V2l)2K #7] ^121^ 

(V2D1- -f-4^ #e^7V^4 aH<H*Hr #e1^7]-i*#^=^l<H 71(342)4, 

#el^7|-i*#^^o] 7] (342)^1 7>iSl 7fl 3fl a] -7] ^ 3122^ £L(V22) 

# 7>4fe- 3-§- ^-^-S- #51^ 3J-*1# ALD ^4#^ A ^yl. 

il%Hl <£M4, A cM #el^7>^^ C1F 3 °J 531- *}±r ^P" 

ALD Wil^^til. 
4] 

£ 7 1 ^U^-§- 4^-^(210)^, ^l«}-g-^5.1- 7>i^*>^- ^l-si (211)4, 
^ll^-g- 4-^ *«-^=# *fl<H*l-Tr- *)ll«}-§-7^iLf-^H 71(212)4, A o v 7l ^1-^(211) 

4 A o V 7l ^lltiV-g-7>>i*#^^H 71(212) 4°H Ajxl£H ^ll^T-g-4^^ 7fl3flsl-ir 

^l»iJi(Vl)# S^}^ ALD 44^4414. 

[U^J- 5] 

i4%Hl 0 J44, 

#4 ^U^-S- 7 !-^^ TiCl 4 Ta S^fe 2l-t|-#7}.^ol ji ; ^2^0-7}^ 

*r NH 3 9] ^O-S. 4^ ^4t> ALD 44^4 A d4. 

[^rf 61 

*fll*8" 44 *1l3*J-^ 4^ ^ *<H1 £M4, 

4"'l ^11^-5-4^^^^(510)^. ^l«V-§-7l-i4 7fl3llAl7l^ *H31^t±(V31) 
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«k #7} ^31 H !tL(Y31)t- -f-4*}- *#%=^- *H<H*>^ ^lHl-g- 7 >^*#^ 

71(512)1- Ifs^ ^-4- ^-3 £.3. x o V ^ll- ^ftilt} ALD Mi-^^zVA^yi 

7] 

A oM ^lltLV-g-^fe WF 6 oIjl, ^l2tiV^-7l-i^ NH 3 7}^9l ^ ^ 

H ^l* ^ ti l^ ALD M]-Bi--3>A^al . 
[•■^^ 8] 

i 3ti>-§-7]-^-i- 4]-7l 31 2i£-§-7k^-g- 5^1(240) .2.3. ^l3tiV-§-7>^^^-^- 
(620)Sf ; 

^l4«V-g- 71-^1- 3l2#-£7Vi-£-g-sKl(240).2.3. ^-g^- 3°-^, ^*jV%-7\^9\ 
7fl^l a] ^132«1«-(V32)^-, $7] ^l32»g«.(V32)l- ^]4^>-g-7>i^ 
*3=-i- ^H*}^ .i4«>-g-7>i*#^x|H7l (612)$k ^"71 ^4«>-g-7>i*#^^H 71(612) oil 
*fl<H€ ^4«}:-§-7>i^ Jl#^§- 7fl^A]7l^ ^l33 a ltL(V33)l- 7}*]^ *fl4*>-g-7}i^-g--^ 
(610):!- cl iW^r mtSLS. ^ #sl^ ^«1*V ALD ^^sv^l. 

[T^*J 9] 

^18%H1 <U<>H, 

-#7] ^l3ti}-g-7V^^^-«-(620)^. ^l31>-g-^JLl- 7>^3l-s|-^ ull; ei (621)2]-. 
^l3«l:-S-:'l-iSl *-§-^ ^H^l-^r ^3ti}-g-7^*#^^H 71(622)^. #71 u\^2\(621)2\- 

A o V 7l ^l3y>-g-7]-i*#^^^ 71(622) Aj-oHl >y^Sl<H *fl3«V-§-7}i2l *f--g- 7fl3fl*Rr 
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34»J)i±(V34)2K A o w l ^2#-§-7>^-g-sl-ol(240)o.5. *f^^H ^ (622) 

°fl 4°]$. *\]3#-%-7}^$) 7 fl^Al-7l^ *fl35 H lJ±(V35)-i- i£^-*>fe- 3# 
S. *}*r ^Hl^ ALD ^"^zj-^Hl. 
10] 

^l H J-§- 7 l-^fe Ti, Ta, W ^lif i^Rr 7>^o1ji, ^] 2 tiV 

-§-7>i^ NH 3 °] 4^ #B]^ ^al^ ALD ^n^z^a] . 

11] 

•^■71 ^3«}-§- 7 >^ TMA(TriMethylAluminum) olul, ^ 4 ti]-g-7)-^ <?1 ^ ^ 
iLS 4^ ^til*l ALD ^-^3}-^ Hi. 

12] 

*fll*8- tfl*] *fl3^ &<>H. A cM ^-§--§-71(100)^, 

siM^} eKiEi-i- 3(110)4; A o V 7l El^E^-i-^(HO)^- £<H 

°1 4^ IE. #(120)4: A J"7l ^-(120)31 4^1 >g*l 

^M, A eM ^im-g-7>i^s1-o](220)^ °l^£l*r ^lltiV-g-7]-^ ^/^^ ## A j 

^ £-47(131) ^ A oM ^l2ti}-§-7|-^^^e]-o](240)-ir *ll 2 «]:-§- 7}i 

^©.S. 47^ ^#(l33>-§- 7>x]i- 44?K 130)4: A oM e) <*] Ei 1- 3 ( H0)«H1 41*1 
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#71 ?^l3](w)7} ^hVsItt <fll°}*\ 1-^(140); S.«]-*>fe ?!-§■ ^-3°-^. ^ 



[-U^ 13] 

Aj-7) A]:^^r L 3 J .( 1 20)o 1 l^ i ^ 7 \9\. ^0) 7 ) £>]S}0l ^ nfl 7> *2fe ^ 

nfl-frS( 123)71- ^^=H xl°-^, ^oflS ^712]- ^ 74^- Aj-g-^ 0.5.M] f HV 



14] 

el^Ei 1-^(110)3]-, #71 sl^jE^ 1-^(110)^: #3 

°1 H^Ml -R-*lSl£S- t}^ *l$\nE.&( 120)4, A o V 7l a>o^]c^.( 12 0)^ ^ 

SH #71 *1M3l(w)Sl #^1 ^A>^(131)S1- # 7 ] ^ol5l( w )2l S-l^o] 

#7l e^oflEi ^SKUO) ifl^ U-^S. 4^ ^(133)-gr 7>xl^ ^-^(130) 

4, A o V 7l 3 1-3(110 Hi -M*lSH A o V 7l ^ol5l( w )7> ^3V£m ^ °1 *\ ^ 3 ( 140 ) # 7> 

^ ^-g-g- 71(100)1- 7>*lif ALD ^-^3}-^hH 3-8-*Rr 

-fr e oMH£ #sl^7>^sq- tf^7fif £^1*J a o v 7 | £ A |^l (131)1 . ^ H #71 

^lolifl( w )o] O.^ a-A^li^. 5j. JLi -^-^^Hsl 1-^71-i-i- #7l ^(133)-§- 

-f-sH #71 ?flol2l(w)Sl £AH7l*r ^l^^^l^^^-g- S^fe ^-t- S-U^-S. 

ALD W# a]- ^ a! -g- 1- 3 ^ . 



^ ^«1^ ALD M^f^^t,) _ 



nV^3]-^^ Al) ^-A>^-( 230)0. 



^ ^3)3. ^ ^-3 0-1- 



#*1# ^«1*> ALD ^-^^«1. 
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[i^D- 15] 

^114%H1 SJoH. #7] "H<el#e^^-&, 

-^^H^ ^^7\^5\ 50SCCM °1 A J-, A o V 7] -EE^7}i<2} £^-5] 

^ A o V 7] ^-4^(131)5. tf^7}i2] ^^H^ *f-%=^ 50 SCCM °] A o\ A cM 

iL#(133)S -B-lMM^L 300 SCCM <>1 # 0.3. ^ 

^AsL t\^r ALD #e1^ y o^. 
[-Ut^J- 16] 



# y } ^^--§- 7 ](100) vfl^l ^ii^^r 0.5 torr *\]*\ 10 torr 'gSHl 9l 



*>fe- ALD ^^^Hl-a- l-e]^^ 



17] 



#7l Sl:-§-g- 71(100) vfl^- ^£7> 3jol^-g-g}(i40)-8r ^l«?lg>ji 200°C 1- ^ 

*1 °>5L-l=- ^-i- <5>ttALD ^^3-^1-8- #5^^. 
I-U^ 18] 

ii4*cMl <U°H, 

$- 7 ) #Bl^7>il- #7] «V^-g-7l(100) ^7l^o] |A«.oj| oj-sj o_ 

fluctuation)^ ^1 *V 33- A V# -fi-S.*H ^«^r *1 # *M ^ # d 

i^*}^ 3-§: t^AS .ALD 3" ^ «l -g- #21^^. 
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[% 1z r*o V 19] 

-^MH^l^r ^i]^7}^9] 50SCCM A J"7] m$^7}^2\- ^^"51 

^ ^-71 ^-4^(131)^ jre^ ^^7}^3\ -ft-ifMM^ 50 SCCM °l A o\ 

i#(133)S. * = ^ lr^7>iSl -fr^M^ Jrf-^-g- 300 SCCM °l A 0 v °-5- ^ ^ m. 
^£LS *>fe ALD ^-^ah^til-g- 
[•S^ 20] 

# 7 1 ^-§--8-71(100) ^ 0 a Vi Nii^£r 0.5 torr °1H 10 torr ^^H ^- 
ALD ^^^sv^til-g- #5^^. 

[^^^ 21] 

^118^M1 °vMH, 

# 7 1 ^-s-smmi^ ^oi3]i-^(i40)# 200 r A e>£s. 

22] 

^114%H1 ■ 

#-§-§-71 s^<^l 51%*] A A ^tlr -g-7)v}] sels^^-^Cpre-coating process)-!- A 

S.^}^ A^ ^^^S. ^ ALD «]-^-^2]-^ul-§- #s)^ y o Vl 3. 
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[ ■U^g- 23] 

^Ww)!" tifl^l^ A cH}HH, ^71 HV-g-g- 71(100)5. <$7] ^fll^-g- 7>i«4 ^%^7} 

-^71 aV-g-g-7l(100)S. ^"71 .^2^71-^^ ^^^71-^1- -f^l^ *fl2# 

-g-71-il- i^AjTi ai]^Al7l^ ^12^^1 -S-^ ^o} y>^-^o_ s ^i}7]^, #7] *\}2 

7}i<4 tf ^l^t «hg-g-:'l( 100)3. #7} m&l] 

# #4*H ^3)*Hr ^3^3. <5^ ALD W^^u]^ ^B^oVtf . 

[-U^ 24] 

^°lsl(w)fl- tiMHV ^HH, -fr^o^ ^l^l-S-71-i^ -fr'tNl^ 1-#^7^1- 

A oM «H-g- 7i(ioo) ^ ^oi3ii-i-^(i40) -y-r- i^is -n-^^H 

€ ^l2«}^-7>i$l- O-^H*} 5.Qf;\d\ #7] 71 (100) tfl °1 3] 

^s.(140)Sl 5l^a.o_^ -^-g-^°.3*l 4^3^ -5j-§- ^ °-3. ^tt ALD ^#2V^til 

-g- #^^ y o V ^. 

25] 

^122%H1 ^H. 

A o Vv l 7lllHV-g-7>iS CI ^il- ^-^-1- 7>i-i- Af-g-^Jl Aj- 7 ] ^ 2 ti]--g-7>il- 

NH 3 5 H-g-f- ^-fofl, 5:71 ^1 !«>-§- 7>il- $7] «V-g-g-7l( 100)3. -B-^^l-7171 *\0]t= - 
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i£?H ^7} NH 3 7>i# «l:-S-g-7l(l00) -fi-^Hfe- 5J^r ALD «|-^ 

26] 



M^b^r C1F 3 ^1 3^ ^£.3. ^ ALD «]-^3V^yl-g- #&|^^. 
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[£ 4] 
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-IS^^ll- ^wltl- ALD ^^SH^l ^ zl #Bl^«J-^{ALD thin film 
deposit in equipment that has cleaning apparatus and cleaning method} 
[J!±-l]tfl-tf ^t^jr 67 

£ 7^ TiCl 4 7>^sq- NH 3 7>i# ol-g-^j- TiN , ^-##(130)21 u>^-^5is>]- 

TiN ^#^£<4^ #31 # M-h]-v£ zLefl^ojcf. si^l^r ^^-(130)^ y}^£7} 

Tl T2 ^nfl^ ZLEfl=7> S^l^H 91^., T2 ^ Tl ^-^f. 

ZLeflS^l £A]^ u}s>f ^o], ^^(130)^ ^:£7> 3 3 -^S^Jit}- Tl 
< T2) TiN ^^^HrS.-!- ^71 ^*fl ti\ TiCl 4 7>i» -g-71 (100) tflS. 

o.ol Al ^o> *Vt}. o]3J,g. TiCl 4 7>i^ <&2f-7\ %)o]3](y) #ofl «^ 

-i- f^Rr^l ^>-g-Sl^l ^#(130)3 v}^ ^-g-^H 43 

71M-. SKV#(130) ^-g: ^^l^l ^£_S]7) trfl^-ojcf. nJ-EH , 

^-^(130)^ ^£1- ^ofl n^-H}- -g-ol^l-Tfl ^SL7} SX °-*\, o] ^-foflif- ^ 31 IEL 

#(120 Hi ^€ ^ ^ -R-S.C 123)5. Ml- * = 7ll §].ai ^-a>^( 13 o)^ vj-* - 

Sicf. TJ^^AS, HVeV^aV^Al, ^-i>^:( 130)^1 f£f -fM^l^r ^ofl ^ *H . SJ- 
av^-o, a>^ S ^6jl ^sj-sj^ tq-^lM- ^3 ^^1"* M a^s}-^ ^ £U oil- -g-sfl 
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-§-aH 



-£ ^ ^ ^ 3M4. 



[*±lH-g-] 



£. 6£ ^-sv^^^l, 7_>3(D)4 #t\}^ £a]*V nEfl£^, oji- *v s §}. 

^, ^4(130)4 3(140) #3(DH 30mm °^ ^4.01] ^ x^J-o] 7 ># ^ 

^H^e}^ £rJE.-g-Sl 2:?d# nfl, -I>^ (D )^ cfl e* 2 0mm ~ 50mm ^ 

^HtV ^3 7V?l^e1-^ iflii ^ 
[iL^t^AV^-s.] ii^y^^ 112 



CIF3 7}^ 7^ ^ 11.75TC °14. ole^ CIF3 7>i 

^ ^-§-8-71(100) MI-^S. ^°^£l7l77>Xl CIF3 7>i7> <3] 3^1*1 s}^ , 

^l7>*l-7l ^ojofl ^Eil- ^l*Vtf. 
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[iL^^^f] ^l^S 128 

A c^l^ #e]\^3^ #2fl°fl £-§-§-71 » lol £^ #21^ (wet 

cleaning) -^j^ ^oj^o] ojjr, ^ai ^« nfl ^7)±- A^tfcq 

M ^ °a^^-. *)*HH *l*r M^33 *§>8*Kr ^e]- 

°}=#°J ^ol7> <&x]*l ot 500 nfl ^ 7 1^ 3^ 5-10 si ^l A o v ^ 
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